
Project Name Project Type Affiliation Team Members Responsible CI Start Date End date Summary

Solid-state, doppler ranging LIDAR 2019 round UQ Tom Stace
Daniel Shaddock

Stace 1-Jul-19 30-Jun-20

LIDAR and doppler velocimetry are enabling technologies for future autonomous 
vehicles, and other applications requiring situational awareness Stace’s team (which 
includes Mirko Lobino at Griffith University) has built and demonstrated laser 
ranging+velocimetry in an entirely solid state switching device, based on monolithic 
optical switches. Separately, and in parallel, Shaddock’s team has demonstrated a 
ranging+velocimetry protocol using digital interferometers. These techniques were 
developed in the context of pointing and weak light phase locking for space 
applications.

This follow-on project will build on parallel efforts led by Stace and Shaddock, each of 
whom have been developing a sensor that integrates Doppler velocimetry and 
LIDAR into an integrated protocol. The approaches adopted by the two teams are 
fully compatible, and so Stage 2 of the project seeks to integrate the two systems, to 
produce a demonstrator of a solid-state, digital interferometric, ranging+velocimetry 
platform. The Stage 2 demonstrator would implement an electronically switched, 
trolley mounted system over approximately 10 months.

The Power of One Qubit: a training 
instrument for quantum engineering

2019 round MQ

Jason Twamley
Lachlan Rogers
Maxim Goryachev
Jingbo Wang
Daniel Burgarth
David Spence
James Downes

Twamley 1-Jul-19 30-Jun-20

This project will develop a working prototype of an educational training instrument 
which will provide users with state-of-the-art training in both the hardware and 
software required to control the state and dynamics of a single qubit. This project 
builds an instrument which uses a single room temperature qubit in the electron spin 
of an individual Nitrogen Vacancy defect in diamond. The instrument will permit 
users to initialise, readout, and control the evolution of this qubit via a combination of 
nanosecond optical and microwave pulses.
The prototype will permit users to access training in the engineering of quantum 
systems
• on the hardware components, including optical, positioning, and microwave, 
needed to access and control the room temperature qubit
• on the software suites required to drive the hardware and simulate the system 
under control via a set of lesson plans which will be developed by the team.

Quantum Error Correction (QEC) 
Software (QECSIM)

2019 round USyd

Stephen Bartlett
Gavin Brennen
Steve Flammia
Tom Stace

Bartlett 1-Jul-19 30-Jun-20

This project will develop a library of software tools that will enable EQUS researchers 
to construct, optimize, and test tailored solutions to quantum error correction. With 
such a software library available, EQUS researchers (including PhD students and 
postdocs) will be well positioned to offer high-demand services to the quantum 
hardware industry in developing customized quantum error correction solutions.



Towards the stabilisation of stratospheric 
and LEO coherent optical links

2019 round UWA

Benjamin Dix-Matthews
Michael Tobar
Sascha Schediwy
Peter Wolf (SYRTE)
Francois-Xavier Esnault 
(CNES)
Thomas Leveque (CNES)
Isabelle Petitbon (CNES)

Tobar 1-Jul-19 30-Jun-20

The phase-stabilised transfer of optical-frequency signals over free-space laser links, 
particularly between ground stations and satellites, will enable advances in 

 

elds 
ranging from high-speed space-to-ground optical communications and geodesy 
with optical Doppler orbitography, to tests of General Relativity and fundamental 
physics. Unfortunately, atmospheric turbulence induces phase perturbations of the 
transmitted optical signals, which severely limits these applications. However, 
techniques developed for the distribution of phase-stabilised signals over optical 
fibre links can also be applied to free-space transmission.

QuAstro — a compact high-resolution 
Echelle spectrograph for quantum 
experiments

2019 round MQ

Matthew van Breugel
Christian Schwab
Tobias Feger
Lachlan Rogers
Thomas Volz

Volz 1-Jul-19 30-Jun-20
This TRL project aims at taking a home-built, high-end Echelle spectrograph from a 
first lab demonstrator  a prototype plug-and-play device that has applications across 
the natural sciences, in particular in physics, biology, chemistry and even medicine.

Low Phase Noise Tuneable Probe Field for 
Classical and Quantum Sensing

2019 round UWA

Michael Tobar
Eugene Ivanov
Alexey Veryaskin
Ben McAllister

Tobar 1-Jul-19 30-Jun-20

Quantum and classical sensors require probe fields of high stability and low noise. 
This project will realise low phase noise high stability tuneable microwave sources 
with the best signal to noise ratio possible, to achieve precise sensing under the 
environmental circumstances for two translational research projects. 1) A low noise 
tuneable source for operation under laboratory conditions to excite a second 
whispering gallery mode in a cryogenic oscillator to sense and control temperature 
with ultra-high precision to eliminate the dominant source of instability in such 
oscillators. 2) To realise a reduced size compact low phase noise lockable source 
capable for use in field tests, to act as a probe for an optomechanical gravity 
gradiometer based on an optomechanical device.

Facilitation 
Project
HDR Stipend - 
Tim Evans

HDR Stipend - 
Thomas Smith

Optical Communications Ground Station 
Demonstrator

Facilitation 
Project

UWA

Sascha Schediwy
Michael Tobar
David Gozzard
Benjamin Dix-Matthews
Simon Driver (UWA, Head of 
Space Division, ICRAR)
Paul Luckas (UWA, SPIRIT 
Programme Manager, 
ICRAR
Brett Nener (UWA)
Bob Gough (Goonhilly Earth 
Station Ltd)

Mike Tobar 1-Dec-20 31-May-22

We will demonstrate an advanced Optical Communications Ground Station that 
uses our unique atmospheric-noise suppression technology. This ground station will 
be capable of amplitude- and phase-stabilised coherent communications to low-
altitude and stratospheric aircraft, as well as receiving signals from spacecraft 
between low-Earth orbit and the surface of the Moon. The high-coherence enabled 
by our technology, will potentially enable significantly faster communications data 
rates, which can also be secured by quantum-key distribution; as well as generate 
world-leading impact across applications ranging from cutting-edge fundamental 
physics and precision Earth science, to novel resource geophysics.

We have invented a new way to map the errors in a quantum computer and identify 
why they occur. Our tool can work on larger quantum computers, where standard 
techniques for diagnosing errors are no longer viable. The inability to accurately 
diagnose errors for bigger quantum devices is impeding the delivery of commercial 
quantum computers. Our invention can diagnose errors more efficiently than 
existing technologies, speeding up the development of useful quantum computers.

Stephen Bartlett 1/12/2020 31/07/2021Scalable error diagnostics for quantum 
computers 

Timothy Evans
Thomas Smith

USyd



Facilitation 
Project

1-Dec-20 31-May-21

HDR Stipend - 
Rohit Navarathna

14-Sep-20 13-Sep-21

Facilitation 
Project

1-Feb-21 28-Feb-22

HDR Stipend - 
Graeme Flower

1-Feb-21 31-Jul-21

Field-deployable precision 
Magnetometer

Translation 
Fellowship

UQ Stefan Forstner Warwick Bowen 1-Feb-21 31-Jul-21

This project, if successful, will solve the key challenge for the integration of optical 
sensors operating at hertz to low kilohertz frequencies, which is on-chip suppression 
of laser phase noise. This will allow the deployment of these sensors outside the lab 
for proof-of-principle tests. Such a test will involve the proposed scheme with two 
optical cavities, one being the reference-, and the other one being the sensing cavity 
with magnetostrictive material deposited on it. Both devices should be integrated 
and waveguide-coupled on a single silicon chip. Optical coupling to the chip will be 
implemented with fibres, using a UV-gluing technique. 
If successful, the presence of the reference cavity should lead to a strong 
suppression of laser phase noise and enhanced signal-to-noise ratio in the Hz- low 
kHz frequency range.  This demonstration should allow us to work with our industry 
partners on further commercialization and integration, as well as field-deployment. 

Proof-of-principle demonstration of a 
superconducting on-chip circulator

UQ

Arkady Fedorov
Tom Stace
Rohit Navarathna
Dat Thanh Le 

Arkady Fedorov

Circulators and isolators are indispensable for routing sensitive microwave signals 
and for protecting quantum devices from noise. Commercial circulators are bulky, 
expensive, and suffer from signal losses. These problems created strong demand for 
miniaturized low loss circulators which can be used for low-temperature 
measurements. Unfortunately, this demand has not been met yet as no practical on-
chip circulator has been demonstrated so far. The aim of this project is to 
demonstrate a prototype of such a circulator fabricated on a chip and based on 
superconducting materials and Josephson junctions. If successful the project will 
pave the path to commercially viable device which be expected to benefit a large 
range of emerging technologies such as metrology, quantum computing, and the 
simulation of complex biological systems.

Wideband Tuneable Low Phase Noise 
Oscillators for 5G

UWA

Graeme Flower
Ben McAllister
Eugene Ivanov
Michael Tobar

Maxim Goryachev

This project will develop a wide band tuneable low phase noise oscillator based on 
quantum hybrid systems technology developed at UWA, which are suitable for 5G 
mobile networks. Tuneable, narrow line width hybrid magnon-photon resonators will 
be developed, the system only becomes possible because of the  -Bench Basix 1.0 
developed by CI Bowen as a separate TRL project, which will supply a uniformly 
distributed DC magnetic field to tune a hybrid magnon-photon resonator, with no 
magnetic field broadening. The idea is to make a prototype demonstration device to 
enhance interest with 5G companies such as VIDA products, who have expressed 
interest in our technology, and are considering work with us to commercialise an 
oscillator. 
 Based on the feedback system we plan to implement, we expect a 50dB 
improvement in phase noise for these devices. This, roughly speaking, corresponds to 
an additive improvement in channel capacity for a 5G radio link of up to 16 times the 
bandwidth. Given the >100MHz bandwidth channels expected for mmWave 5G 
plans, this would result in a huge improvement in throughput.



GraviTrain Industry Connect UQ

Matthew Davis
Marcus Goffage
Kyle Clunies-Ross
Lewis Williamson
Andrew Groszek
Andrew White

Davis 28-Apr-21 8-Jul-21

We have developed a concept for a non-contact quantum weighbridge. Traditional 
weighbridges measure the mass of large vehicles using essentially the same 
technology as bathroom scales, requiring the vehicle to be driven onto a large scale. 
We propose to instead determine vehicle weight via deviations in the gravitational 
field surrounding the vehicle. The project will design and characterise fixed array 
nanomechanical microchip devices that will measure the mass of heavy vehicles with 
high accuracy. We want to establish end-user needs and performance requirements 
of such a weighbridge.

Quantum Oracles Industry Connect MQ
Yuval Sanders
Pedro Contino Da Silva
Alexei Gilchrist

Brennan 28-Apr-21 8-Jul-21

We are planning to build a "quantum compiler" in order to automatically assess 
quantum computer applications. Quantum computers are believed to beat non-
quantum computers at certain kinds of tasks. But which ones? How big a quantum 
computer do we need? How would we program the quantum computer to do it? 
How can we be sure that the quantum computer would really beat today's 
supercomputers. Current research into the question tends to give hazy answers. This 
is not due to laziness: in order to get even rough estimates of quantum computer 
performance for certain applications, large teams of experts have to spend months or 
years working out exactly what, at the level of quantum bits, the quantum computer 
should do to accomplish the task. Bit-level analysis is extremely difficult, especially 
when considering applications that would process millions or billions or trillions of 
bits. And we should expect such sizes if we are to beat supercomputers at their own 
game!

QuditSS Industry Connect UQ
Markus Rambach
Jacqui Romero
Zhonghua Ma

Romero 28-Apr-21 8-Jul-21

Sharing information without breaching privacy is of paramount importance in today’s 
emerging knowledgebased economy. To ensure confidential distributed computing, 
we need secret sharing protocols. Although conventional Shamir’s secret sharing 
scheme has been known since 1979, quantum mechanics provides a significant 
security-enhancement. In this project, we will implement a quantum secret sharing 
scheme with high-dimensional quantum systems—qudits—that significantly 
increases the information-capacity. However, in realistic scenarios noise is inevitable. 
Hence our goal is two-fold: 1. Develop a qudit secret-sharing protocol in the presence 
of noisy quantum operations. 2. Experimentally demonstrate a qudit quantum secret-
sharing by using the spatial mode of single photons.

Compact and tunable room-temperature 
maser for time-keeping and sensing

Facilitation 
Project

MQ

Lyra Cronin
Sarath Raman Nair
Ediz Cetin (MQ School of 
Engineering)

Thomas Volz 1-Mar-21 30-Jun-22

We will build a compact and frequency-tunable room temperature maser platform 
using NV diamond centres. This device can be deployed as a quantum-noise limited 
amplifier, magnetic-field sensor, and as a microwave oscillator for time-keeping 
purposes in GPS-denied environments and on cube satellites. This platform is ideally 
suited to optimising size weight and power (SWAP) for defence-relevant 
applications.



QKD Countermeasures Disruption of 
Satellite based QKD

Translation 
Fellowship

UQ Till Weinhold Andrew White 1-Feb-21 30-Jun-21

QKD allows distributions of arbitrarily secure encryption keys. With the 
demonstration of satellite based systems distributing such secure keys across local 
and global theatres, the need to investigate disruption capabilities for military 
operations has been identified. We are testing the ability to use a ground based laser 
system to cause backscatter of the satellite target to increase the Quantum Bit Error 
Rate (QBER )and thus reduce the effectiveness of satellite based QKD. 

Low Phase Noise Sapphire Oscillators
Facilitation 
Project

UWA

Michael Tobar
Eugene Ivanov
Maxim Goryachev
Cryoclock collaborator

Mike Tobar 26-Jul-21 31-Jan-22

Quantum devices and sensors such as atomic clocks and qubits, etc., require probe 
fields of high stability and low noise.  For example, current state-of-the-art or better 
is required to operate such sensors at the quantum limit or beyond. Also, such low 
noise oscillators are vital components in radar, timing and communication networks.  
This project will realise the lowest phase noise microwave sources ever conceived, 
with the best signal to noise ratio possible for such applications. Two approaches will 
be taken: 1) A low noise room temperature oscillator will be developed with 
Cryoclock Pty. Ltd., with the best possible phase noise using interferometric 
microwave phase detection (Project A). 2) Based on a cryogenic sapphire cavity, we 
will build the lowest phase noise oscillator ever conceived using the principle of noise 
suppression with a cryogenic resonator recently developed at UWA [1].
[1] E. N. Ivanov and M. E. Tobar, "Noise Suppression with Cryogenic Resonators," in 
IEEE Microwave and Wireless Components Letters, doi: 
10.1109/LMWC.2021.3059291 , 2021.

Gravity Tomography – A Quantum 
Weighbridge

Facilitation 
Project

UQ

Marcus Goffage
Andrew White
Matthew Davis
Kyle Clunies-Ross
Lewis Williamson

Matt Davis 10-May-21 31-Jan-22

Traditional weighbridges measure the mass of large vehicles such as trucks, trains, 
and mining vehicles to ensure transport safety.  They use essentially the same 
technology as bathroom scales, are expensive, fixed in place, have a low throughput, 
and require manual operation.  We have developed a concept for a non-contact 
quantum weighbridge by measuring the gravitational force generated by such 
vehicles using an array of microchip devices that they can drive through.  It is 
potentially a game-changer – faster, cheaper, automatic operation may be possible, 
and could have very wide application.

1kQubits Balance of Systems
Translation 
Fellowship

UQ Rob Harris Tom Stace 14-Jun-21 11-Feb-22

Quantum computing is accelerating towards systems with ~1000 qubits. The qubits 
themselves are cheap in economic and engineering term, but the ancillary 
components, wiring, mechanical parts, and support equipment required to operate 
the qubits – Balance of Systems (BoS) – represent a non-trivial design and research 
problem that has been largely overlooked. 
This project will conduct a literature review of currently developed commercial 
implementations of quantum computer hardware and develop a desktop model for 
the BoS requirements under a range of reasonable assumptions for a 1000 qubit 
quantum computer.
This model will highlight key areas of development needed from research and 
industry to produce the tools needed to build a commercially viable quantum 
computer.



Scale Factor Unit Verification Capability 
for NASA Mass Change Mission

Facilitation 
Project

ANU

Andrew Sutton
Emily Rose Rees
Andrew Wade
Kirk McKenzie

Kirk McKenzie 15-Sep-21 15-Sep-22

This project will develop essential space-flight test and verification capabilities for an 
Australian laser technology contribution to NASA’s next generation gravity sensing 
mission, called Mass Change Mission (MCM), slated for launch in 2025. MCM is 
monitors the mass loss due to major climate change signals, such as glacial ice melt, 
by their effect on Earth’s gravity. This measurement is performed by monitoring the 
change in separation two satellites, separated by ~200 km in a common 500 km 
polar orbit, using a laser interferometer with nano-meter scale precision. MCM 
primary instrument will build upon the flight heritage GRACE Follow-On Laser 
Ranging Interferometer (LRI) with the addition of one new function, the Scale Factor 
Unit, responsible for tracking long term changes in the laser’s wavelength. This 
project will fund a portable flight-representative testbed for validation of a Scale 
Factor Unit prototype hardware developed by the ANU and industry partner CEA 
Technologies. The testbed is essential for real-time functional and performance 
verification during space-flight qualification tests, and will promote the ANU 
consortium as a viable NASA partner for delivery of an Australian mission 
contribution. 

Navigation Doppler LiDAR
Translation 
Fellowship

ANU Lyle Roberts Kirk McKenzie 1-Nov-21 30-Jun-22

The goal of this project is to build a proof-of-concept Navigation Doppler LiDAR 
sensor to improve our understanding of its capabilities, performance, and potential 
market fit. 
Navigation Doppler LiDAR (NDL) is a sensor that measures the 3D velocity vector of 
the platform it is attached to, producing extremely precise measurements of 
instantaneous vehicle velocity and position from a known starting location. When 
combined with a conventional inertial navigation system (INS), NDL can be used to 
continuously correct for position drift to increase position certainty over extended 
periods of time when the Global Navigation Satellite System (GNSS) is unavailable.

Compact room-temperature MASER 
magnetic-field sensor

Translation 
Fellowship

MQ Sarath Raman-Nair Thomas Volz 1-Oct-21 30-Sep-23

Detection of weak magnetic fields are required for navigation in GPS denied 
environments, infrastructure building and imaging of biological systems etc. In this 
project we will develop a benchtop magnetic field dependent MASER with nitrogen-
vacancy (NV) colour centres diamond as the gain medium. Ultimately, we envision a 
field-deployable MASER which can operate at ambient conditions and can be 
deployed for the applications mentioned above. 

From optical force spectroscopy to opto-
phoresis

Translation 
Fellowship

MQ James White Thomas Volz 8-Dec-22 7-Aug-23

Optical tweezers and solar sails both harness the momentum of light to move solid 
objects. One of the outcomes of the applicant’s PhD work was to demonstrate that 
the optical forces on nanoparticles can depend strongly on their optical activity i.e., 
their fluorescence. This project will aim to apply this finding to sort out nanoparticles 
based on their level of brightness.



Work Scheduling Quantum Inspired 
Solutions to the Task Scheduling Problem

HDR Stipend - 
Tavis Bennett

UWA

Tavis Bennett
Jingbo Wang
Mike Tobar
Maxim Goryachev

Mike Tobar 1-Aug-23 30-Jun-24

Task Scheduling plays a crucial role in high-performance computing as well as having 
many other important commercial applications. As a specific example, efficient 
scheduling of complex computational tasks is central to the effective operation of 
the square-kilometre array. Our ongoing research into quantum optimisation has 
given us a unique insight into the nature of problems of this kind. In this project, we 
aim to use these insights to develop new and innovative task scheduling algorithms 
for both high-performance classical supercomputing and near-term quantum 
computing devices.

Quantum-Inspired Software for Pattern 
Matching 

HDR Stipend - 
Edric Matwiejew

UWA

Edric Matwiejew
Jingbo Wang
Mike Tobar
Maxim Goryachev

Mike Tobar 1-Aug-23 30-Jun-24

Pattern matching is an essential and challenging computational application relevant 
to many tasks, including chemical synthesis, medical imaging, and geophysical 
surveying. Such tasks are challenging as the number of possible comparing 
configurations grows exponentially with the problem size.  As an example, 
gravitational waves are discerned from a swath of incoming data by matching against 
simulated gravity wave signals.  In near future, quantum algorithms are expected to 
be able to solve pattern-matching problems at classically intractable scales. In the 
present, a new paradigm of classical algorithms bas been developed using quantum-
computing concepts in a classical computing context. This project will implement 
novel quantum-inspired algorithms for pattern matching so end users can benefit 
from advances in quantum computation today and be prepared for the transition to 
a quantum-accelerated workflow tomorrow. 

Microwave Helical Cavity for Chiral 
Spectroscopy 

Facilitation 
Project

UWA

Jeremy Bourhill
Emma Paterson
Maxim Goryachev 
Michael Tobar 

Mike Tobar 1-Jan-23 31-Dec-23

A new class of microwave device has been invented at UWA: a twisted triangular 
waveguide, which can be capped at its ends or formed into a ring creating something 
reminiscent of a Möbius strip.  The resonating microwaves in such a device posses 
many unique properties owing to the twisted geometry, which introduces a coupling 
of previously transverse mode polarisations. Such properties include a high rate of 
frequency tuning of high frequency modes (>15 GHz) as a function of twist angle, 
something difficult to achieve in traditional resonators, and with application for 
filtering in telecommunications. The modes also inherit an intrinsic “handedness” or 
helicity, which is a unique and never observed before polarisation for microwave 
radiation and amongst numerous applications, should lead to sensitivity to chiral 
media e.g. right and left molecules, important for drug and chemical manufacturing 
processes or permit high-dimensional entanglement [1] between microwave 
frequency photons. The project will aim to design and optimise prototype devices 
and begin benchmarking their performance for these potential applications. The 
observed helical properties of resonant microwave photons bring another degree of 
freedom into microwave technology in general. 

Wideband Tuneable Low Phase Noise 
Oscillators for 5G using Overlapping YIG 
Filters

Facilitation 
Project

UWA
Graeme Flower 
Eugene Ivanov 
Michael Tobar

Maxim Goryachev 1-Feb-23 31-Jan-24

This project will eventually develop a wide band tuneable low phase noise oscillator 
based on quantum hybrid systems technology developed at UWA, which are 
suitable for 5G mobile networks. Tuneable, narrow line width filters will be used as a 
frequency reference, created by overlapping two bandpass filters, and phase noise 
can be reduced using interferometric feedback. The idea is to make a prototype 
oscillator with low phase noise based on these ideas. 

We propose developing a miniaturised device (chip scale) which levitates a 
microparticle and measures vector gravitational forces or other accelerations.

     
    

 
  



Our prototype device will use levitated microscopic glass beads in vacuum to 
demonstrate detection of gravity and inertial forces with performance targets 
competitive with the best gravimeters and has the potential to surpass them. 
Specifically, for this fellowship, we will validate two key phases for the successful 
translation of this technology: the absolute self-calibration of the sensor and 
developing an advantageous SWAP for field deployment.

Translation 
Fellowship

UQ Charles Woffinden Rubinsztein-Dunlo 16-Jan-24 31-Mar-24

Translation 
Fellowship

UQ Andrew Groszek Matt Davis 1-Oct-23 31-Mar-24

Additive manufacturing of active diamond 
maser gain material 

HDR Stipend - Ali 
Fawaz

MQ Ali Fawaz Thomas Volz 1-Sep-23 30-Aug-24

We want to develop a technique to create a 3D-printable maser gain medium 
containing nano- or micro-diamonds rich in nitrogen-vacancy (NV) colour centres. 
Besides the concentration of the nano-/micro-crystallites we anticipate being able 
to control the orientation of the diamonds and therefore the embedded NV centres. 
With our proposed method, one would be able to create a 3D printable microwave 
gain medium (e.g. for maser applications) or print desired shapes of active diamond 
material with NV centres with controlled orientation, which can be useful for many 
quantum applications. 

1-Jan-24 30-Nov-24

Q-Grav

Traditional weighbridges measure the mass of large vehicles such as trucks, trains, 
and mining vehicles to ensure transport safety. They use essentially the same 
technology as bathroom scales, are expensive, fixed in place, have a low throughput, 
and require manual operation. We have developed a concept for a non-contact 
quantum weighbridge that works by measuring the gravitational force generated by 
such vehicles using an array of microchip devices or cold atom sensors that they can 
drive through. It is potentially a game-changer – faster, cheaper, automatic operation 
may be possible, and could have very wide application.

An absolute quantum gravimeter and 
inertial sensor using levitated 
nanoparticles

Translation 
Fellowship

MQ Cyril Laplane Thomas Volz



Ultra weak light phase locking with flight 
lasers at NASA JPL 

Facilitation 
Project

ANU
Callum Sambridge
Kirk McKenzie 
David Rabeling

Kirk McKenzie 1-Sep-23 31-Dec-24

This Translation Research Project will fund the creation, test, and delivery of a mobile 
ultra weak light metrology testbed for experiments with NASA-JPL and their 
precision phasemeters used in Earth Observation and Astrophysics missions, such as 
the upcoming Mass Change mission (MC). The MC mission, slated for launch in 
2028, accurately measures mass loss due to major climate change signals, such as 
glacial ice melt, by their effect on Earth’s gravity. The mission’s primary instrument 
utilizes a Laser Ranging Interferometer (LRI) that continuously measures the 
distance of two satellites, separated by 200 km, with nano-meter precision while 
orbiting in a common 500 km polar orbit. The integrity of this optical link is thus of 
utmost importance, and quantifying the performance limits of the LRI is therefore 
crucial. The technology developed by ANU, has shown that it is possible to operate 
the LRI link with extremely low light condition, 10,000 weaker than the adopted 
mission baseline. For MC, and future MC-like missions, this capability will be critical 
and will ensure the LRI’s performance and mission success. The outcomes for EQUS 
and ANU are that this will further promote our stance as experts in this field and 
promote the ANU consortium as a viable NASA partner for delivery for vital mission 
contributions. Examples of other possible translation of this type of technology could 
be to industry, e.g. Liquid Instruments, who have phasemeters as a key instrument in 
their products, and close ties to EQUS, and to academic/industry crossovers such as 
UWA’s optical communications terminals. 

Quantum Link Verification
Translation 
Fellowship

UQ Marcelo Pereira de Almeida Andrew White 1-Apr-24 29-Jun-25

Optical fibre networks revolutionised society, enabling fast communication of vast 
information. However, optical fibres are typically unsecured and easily accessible, 
making them targets for hackers seeking to intercept the data flowing through these 
networks. Quantum Link Verification (QLV) uses single photons to inspect the 
physical integrity of optical links, alerting the presence of any intrusion. It is a 
quantum technology that cannot be deceived or tampered with by an 
eavesdropper. Furthermore, QLV is compatible with existing optical networks, which 
allows it to maintain current commercial data transmission speeds.



The Crysolator: Eliminating vibrations 
from low temperature measurements

Facilitation 
Project

UWA

Michael Tobar
Jeremy Bourhill
Eugene Ivanov 
Maxim Goryachev 
John Winterflood

Mike Tobar 1-Mar-24 28-Feb-25

In recent times there has been an increasing demand for infrastructure that allows 
low temperature experiments without the use of liquid helium, which is becoming 
prohibitively expensive around the world. The sale of cryogen free systems has 
boomed based on the use of the pulsed-tube technique, which allows cooling of 
physics packages to a temperature below 4 Kelvin. In particular, with the advent of 
low temperature quantum technologies that require millikelvin temperatures, 
companies that sell cryogen free dilution fridges are under rapid expansion. One 
major drawback is the introduction of vibrations, which now severely limit many 
precision and quantum measurements at low temperatures. For example, we have 
shown that the phase noise currently present in the pulse tube cooled low-noise 
sapphire oscillators developed at UWA is significantly impacted by vibrations. 
This project will a) demonstrate and b) characterise a new passive vibration isolation 
system combined with an active accelerometer-based vibration compensation. This 
demonstration is expected to show reduced phase noise by orders of magnitude. 
Our system design is flexible enough to be adapted for dilution systems used in 
quantum measurements where vibrations are similarly intrusive. 
The ultimate deliverable for this project is a plug and play anti vibration devices for 
pulsed tubed dilution refrigerators.

A phase-stabilized optical interferometer 
for extremely high-resolution imaging

Facilitation 
Project

UWA David Gozzard
Sascha Schediwy 

Mike Tobar 1-Jan-24 31-May-25

The resolution of any imaging system is classically limited by the size of the primary 
optic (lens or mirror) and the wavelength of light being imaged. Using interferometry, 
radio telescopes span the globe, but the development of optical interferometers lags 
behind, with the largest being only 330m in span, due to the challenges caused by 
weak low-photon-number signals and noise in the interferometer.

Quantum imaging methods offer a way to overcome the problems of weak signals, as 
well surpass the classical limits of resolution, and have been demonstrated on small 
scales in the laboratory.

The aim of this project is to apply optical stabilization systems to a quantum imaging 
interferometer to reduce the noise in the interferometer, allowing quantum imaging 
systems to span many kilometres, and create useful “quantum telescopes” with 
resolutions surpassing any modern telescope.

Facilitation 
Project

MQ

James White 
David Inglis
Cyril Laplane
Sarath Raman Nair

Thomas Volz

Industry Connect MQ James White Thomas Volz

A laser centrifuge for sorting nanoparticle 
materials for brightness

15-Jan-24 15-Jul-24

We will build a minimum viable product (MVP) laser centrifuge for sorting 
nanoparticles according to their brightness. The final result will be a benchtop 
instrument capable of handling 1mL samples. It will be interesting for anyone working 
with optically active nanoparticles where optical features are non-uniformly 
distributed. No other passive sorting technology on the market can achieve this. The 
MVP will enable us to reach out to external investors and stakeholders. We have 
validated market interest through initial customer discovery. 



Packaging of a fibre-optic laser frequency 
stabilisation system

Facilitation 
Project

ANU

Sophie Muusse
Ya Zhang
Andrew Wade
Kirk McKenzie

Kirk McKenzie 1-Feb-24 30-Nov-24

Controlling the frequency drift of a free-running laser is an essential but challenging 
piece of any precision metrology, especially in a dynamic environment such as a 
spacecraft. With violent launch and day/night temperature variation in excess of 200 
K, extensive engineering is required to protect and maintain the traditional optical 
cavity. By using optical fibre, we aim to develop an alternative solution that is cheaper 
and more robust yet achieving comparable frequency stability. The TRL project will 
focus on testing fibre packaging options that meet target performance and is space 
qualified.

Robust atmospheric phase-continuous 
transfer of optical references

Facilitation 
Project

UWA

Benjamin Dix-Matthews
Sascha Schediwy
David Gozzard
Hidetoshi Katori (RIKEN)
Kai Suekane (RIKEN)

Mike Tobar 15-Feb-24 15-May-25

Optical atomic clocks are quantum devices that enable the generation of frequency 
references with unprecedented stability and precision, offering the potential of 
revolutionising position, navigation and timing (PNT) networks, and enabling new 
tests of fundamental physics.  The optical techniques required to transmit these ultra-
stable frequency references, particularly over free-space, come with significant 
challenges including: disruption by atmospheric turbulence; high Doppler shifts; and 
extreme power losses over long distances. The team at UWA has developed a novel 
technique that is theoretically capable of overcoming each of these challenges. This 
grant will enable them to demonstrate the efficacy of this new technique by 
transferring frequency references between state-of-the-art optical atomic 
developed by RIKEN in Tokyo.

Integrated Silicon Photonics for Remote 
Sensing

Translation 
Fellowship

UQ Daniel Peace Jacqui Romeri 1-May-24 30-Apr-25

This project aims to develop improved fabrication techniques to provide cutting-
edge photonic integrated circuits, streamlining a host of optical components 
necessary for analysing the optical signals collected from fibre optic cables and 
sensors used in the structural monitoring of infrastructure. As it stands, the signals 
retrieved from distributed optical fibre sensors undergo processing in substantial, 
'trailer-sized' stations outfitted with an array of cumbersome fibre optic components. 
The considerable size, power requirements, and weight of these stations render their 
deployment in remote or challenging environments both difficult and costly. By 
leveraging UQ’s advanced fabrication knowledge and CSIRO’s expertise in 
photonics chip design, the project aims to harness the potential of integrated 
photonics, which can significantly reduce the above constraints, facilitating more 
frequent deployment of sensors at a reduced cost. This advancement promises not 
only to enhance safety and working conditions but also to boost productivity by 
ensuring more efficient and effective monitoring of infrastructure.



Translation 
Fellowship

USyd Sam Smith Stephen Bartlett 1-Jul-24 31-Dec-24

Translation 
Fellowship

USyd Larry Cohen Stephen Bartlett 1-Jul-24 31-Dec-24

Translation 
Fellowship

USyd Felix Thomsen Stephen Bartlett 1-Jul-24 31-Dec-24

Narrow band, ultrahigh dynamic range 
optical filters for quantum technologies 

Facilitation 
Project

USyd

Chintan Mistry
Ben Field
John Bartholomew
Sergio Leon-Saval 
Advanced FBG Facility staff: 
Goran Edvell & Liguo Luo

John Bartholomew 1-Jun-24 30-May-25

The quantum internet will rely on ultra-low loss, ultra-low noise distribution of light. 
Achieving the necessary network performance will almost certainly require next 
generation optical filters to separate single photons from strong classical signals with 
extremely high spectral selectivity. The Quantum Integration Laboratory at the 
University of Sydney has partnered with the Advanced Fibre Bragg Grating Facility 
(AFBGF) to design and fabricate low-loss, high dynamic range optical filters that 
operate in the telecom C-band. These are compatible with fibre networks and 
quantum repeater technology based on crystals containing erbium. This project aims 
to characterise, package and benchmark our novel phase-shifted Fibre Bragg 
Grating (FBG) filters against the current state-of-the-art optical filters.

Microwave Helical Cavity for Chiral 
Molecule Separation

Facilitation 
Project

UWA

Jeremy Bourhill
Emma Paterson
Maxim Goryachev
Michael Tobar
Robert Crew

Mike Tobar 1-Jul-24 29-Jun-25

We have invented a new class of electromagnetic resonator known as the twisted 
anyon cavity resonator. These devices produce a unique electromagnetic radiation 
with helicity that enables it to be sensitive to ultralight axions. This electromagnetic 
helicity also enables it to interact with molecules, and not only that but it can be 
engineered in a large open volume - such that we can manipulate molecules in bulk 
quantities, which no one is currently doing. 

To highlight how important it is to separate these two forms, you can think of the 
case of Thalidomide, where the right-handed form of the molecule was 
therapeutically active while the left-handed form led to birth defects. 

Iceberg Quantum

We want to translate research into low-overhead quantum error correcting codes, 
called low-density parity check (LDPC) codes, that allow quantum algorithms to run 
in the presence of errors. 

Ultimately, we aim to design blueprints of fault-tolerant quantum computing 
architectures based on this new class of codes that will allow hardware companies to 
execute deeper, more interesting quantum circuits on their hardware significantly 
sooner by making much more efficient use of their limited physical resources. 

In our translation project, we want to take the first step in this direction by developing 
a prototype consisting of a design for an LDPC code based fault-tolerant primitive 
tailored to specific hardware constraints and produce numerical evidence through 
detailed simulations benchmarking our prototype against current approaches. 

The results will constitute a proof of principle for our architectural blueprints based 
on LDPC codes and let us demonstrate their value and potential to quantum 
computing hardware companies, allowing us to bridge the gap between the 
theoretical discoveries in this area and the development and commercialisation of 
new quantum technology based on them."



Cavity Enhanced Electric Field Sensing 
with Rydberg Atoms

Facilitation 
Project

UQ

Tyler Neely
Guillaume Gauthier 
Halina Rubinsztein-Dunlop
Lachlan Miller

Halina Rubinsztein 1-Oct-24 31-Mar-25

Precision sensing of electric fields has numerous applications in industry, from long-
distance communication and radar, relevant to defence applications, and to 
applications in the health sector, where detection of minute bioelectric fields can 
improve health diagnostics. Leveraging the elsewhere already demonstrated high 
TRL pathway for Rydberg electric field sensors, this project will develop new 
innovations to improving their application to the DC to 1 GHz regime where new and 
desirable applications in health and defence lie. The project will develop
compact cavity-enhanced Rydberg atom sensors, laying the groundwork for a 
fieldable prototype. We believe this opens substantial translational opportunities, as 
well as aligning closely with upcoming funding schemes like the Queensland 
Quantum and Advanced Technology Program.

Compact superconducting magnets for 
cryogenic measurements 

Facilitation 
Project

USyd

Tim Newman
Alice Jeffery
Lasse Sweetland
John Bartholomew

John Bartholomew 1-Jul-24 29-Jun-25

Solid-state quantum technologies often depend on ultra-low temperatures and 
precisely tuned, and/or large magnitude magnetic fields to achieve optimum 
performance. In many cases, these fields are achieved with large, bulky 
electromagnets made from superconducting wires, which are expensive, inefficient 
to cool and require cooling systems with large volumes. The Quantum Integration 
Laboratory (QIL) at the University of Sydney has developed compact 
superconducting magnets that are more versatile and approximately an order of 
magnitude less expensive. Based on over 10 years of development, these magnets 
are now attracting interest from other research groups, quantum startups and 
cryogenic companies. This project aims to further fine tune the magnet design and 
explore whether the market opportunity for these compact magnets is commercially 
viable.

On-chip array of levitated 
nanomechanical oscillators for high-
precision sensing

Facilitation 
Project

USyd

Cyril Laplane
Robert Wolf
Ting Rei Tan
Sam Mc Neill
Jacinta May

John Bartholomew 1-Jan-25 29-Jun-25

Levitated nanoparticles in vacuum have recently established themselves as a unique 
precision sensing platform with the potential for quantum advantage. These systems 
already show performances close to or at the state-of-the-art for inertial sensing and 
gravimetry and even set the state-of-the-art for torque and force sensitivity. Our 
project aims to take the next step towards real-world application by developing and 
fabricating an on-chip array of these sensors. The on-chip integration of a trapped 
array of particles is particularly relevant for robustness and scalability while allowing 
for enhanced sensitivities.

Power rails
Translation 
Fellowship

USyd Timothy Newman John Bartholomew 1-Jan-25 29-Jun-25

Science labs rely on a multitude of small electronic devices, each with unique power 
requirements, leading to a common but significant problem: power distribution. 
There is currently no universal standard power board for low voltage electronics. 
Existing solutions often result in "cable spaghetti," or expensive and bespoke systems 
that are difficult to maintain once their designer finishes their tenure in a research 
group. Our project addresses this issue with a universal, rack-mountable bus-board 
design that simplifies DC power distribution, making labs more efficient, organized, 
and cost-effective. We hope that in the long-term, this device could make its way 
into labs around the world or become an optional standard add-on to pre-fabricated 
equipment racks.
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